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1 Introduction
Thispaperconstructsatwo-countryandtwo-factortradeequilibriummodelwith
heterogeneous ﬁrms to investigate the impacts of minimum wages on ﬁrms’ ex-
ports. In our model, ﬁrms are heterogeneous in productivity. A ﬁrm must pay a
ﬁxed entry cost before it observes its productivity, which is ex ante random. After
that, it decides whether or not to start production. In the latter case another ﬁxed
production cost is incurred. The ﬁrm employs capitals and labors to produce its
variety, where the price of capital is determined by the market while that of la-
bor is exogenously determined and is usually above its equilibrium level. In this
situation, labor market does not clear. The ﬁrm can decide to export its product
to the foreign market or not. In the former case it has to pay another exporting
ﬁxed cost. According to the above setting, we ﬁnd that the increase of the domes-
ticminimumwagedecreasesﬁrms’exportingpossibilitiesbyselection effect(i.e.,
forcing low-productivity ﬁrms to exit the market) and decreases ﬁrms’ exporting
sales by increasing their unit production costs. Moreover, ﬁrms’ productivity has
positive impacts on their exports.
Wealsoapplyﬁrm-leveldatafromtheAnnualSurveyofIndustrialFirmscross-
sectional data collected by the National Bureau of Statistics of China between
1998 and 2007 to estimate the impacts of domestic minimum wage and ﬁrms’
productivity on their exports. We ﬁrst estimate each ﬁrm’s productivity in each
year for each industry and then regress ﬁrms’ exports with respect to their pro-
ductivity, minimum wages, industrial capital stocks and other control variables.
The empirical results verify our theoretic results. Speciﬁcally, ﬁrms’ exporting
probability decreases by 1.5% while their exporting sales decreases by 9% if mini-
mum wages doubles.
The rest of this paper is arranged as follows. Section 2 reviews the literatures
on the relationship between minimum wage and international trade. Section 3
introduces the closed-economy model with heterogeneous ﬁrms and minimum
wages. Section 4 analyzes the open-economy model and the impact of minimum
wages on ﬁrms’ exports. Empirical models are introduced in Section 5. Section 6
givesabriefdescriptionofthedataused inthispaper. Empiricalresultsarestated
in Section 7. Section 8 concludes the paper.PRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 3
2 Literature review
Literatures on the relationship between minimum wages and international trade
can be classiﬁed into two groups. One considers the case that inter-industry
wages are distorted while real wages are ﬂexible. The other considers the case
that all industrial wages are distorted. Hagen (1958), Bhagwati and Ramaswami
(1963) and Magee (1976) investigated the ﬁrst case. Summarizing their ﬁndings,
we can see that the increase of the minimum wage in an industry leads to the
increase of capital intensity and the decrease of outputs within this industry and
the decrease of capital intensities and the increase of outputs in other industries
if capitals are industry-speciﬁc and labors are mobile across industries. This im-
plies that the increase of the minimum wage in an industry leads to the increase
of exports in this industry and the decrease of imports in labor-intense industries
if the country exports capital-intense and import labor-intense goods before the
change of minimum wages, Vice versa. If labors are not mobile across industries,
then the results still hold asbefore. However, unemploymentoccurs in theindus-




wage in a labor-abundantcountry decreases the exports of labor-intensivegoods
and increases the exports of capital-intensive goods. The situation is reversed if
the country is capital-abundant. The decrease of the minimum wage in a coun-
try may lead the reverse of trade directions. That is, the country may change to
import capital-intensive while export labor-intensive goods. Their models were
extended to the case with multiple goods and multiple factors by Schweinberg-
er (1978), where the number of goods and that of factors are equal. Based on
Schweinberger (1978)’s idea, Brecher (1980) considered a small-country open e-
conomy with three factors (capital, labor and land) and two goods. It found that
the increase of the minimum wage in a country will increase the exports of both
capital-intensiveandlabor-intensivegoodsifthecountryspecializesincomplete-
ly, the production technologies of the two goods are constant return to scale and
one good is more capital-intensive and more labor-intensive. Neary (1985) fur-
ther investigated the case that the number of factors are larger than that of goods
and concluded similar results to those given in Brecher (1974a,b).
The above ﬁndingsmay change if the interaction effects between endowment
and trade structure are involved into consideration. Flug and Galor (1986) con-4 MA, SUN AND TIAN
structed a general equilibrium with two countries, two goods and two factors
(skilled and unskilled labors) , where an unskilled labor can change to skilled
labor by accumulating human capitals. It showed that the increase of the min-
imum wage on the unskilled labors in a small country leads to the increase of the
exports of skilled-labor-intensive goods if this country specializes incompletely.
The result is reversed if the country exports unskilled-labor-intensive goods. The
case for large countries is a little different. If the country exports unskilled-labor-
intensive good at ﬁrst, then the increase of the minimum wage on the unskilled
labors may reverse the trade structure. When the minimum wage is sufﬁciently
high, the country willspecialize inthe production of andexportthe skilled-labor-
intensive goods in the short run and its exports will keep increasing in the long
run.
Theaboveresearchesarebasedontheassumption ofhomogeneous ﬁrmsand
their results are only industry-level. Firms’ heterogeneity needs to be considered
to investigate the impacts of minimum wages on individual ﬁrms’ exporting be-
haviors. However, this can not be done under the frameworks of the Ricardian
model, the Heckscher-Ohlin theory and the new trade theory. 1 In fact, few lit-
eratures are focusing on this topic. This paper constructs a trade equilibrium
model with heterogeneous ﬁrms and minimum wages to investigate the impacts
of minimum wages on ﬁrms’ exports. Different from Melitz (2003), countries in
our model are asymmetric and the number of factors is two (capital and labor).
Because of the minimum wages on labor are above their market-equilibrium lev-
els, only the capital markets clears. Our model is also different from that in Egger
et al. (2009), in which there is only one production factor (labor) and there is one
ﬁnal good and many intermediate goods whose number is endogenously deter-
mined. Moreover, it did not investigate the impact of minimum wages on ﬁrms’
exports. According to our model, we get the following main result: the increase of
domestic minimumwagewilldecreaseallﬁrms’exporting probabilitiesandtheir
exporting sales.
1 Many empirical results since 1990s have shown that ﬁrms in the same industry in a country
have different exporting behaviors. First, exporters are relatively few among all ﬁrms in an in-
dustry. Second, exporters are relatively more larger and more productive. Third, most exporters
exports only a small part of their outputs. Fourth, exporters’ performance variables affect sig-
niﬁcantly and positively their exports. Fifth, exporters have higher wages and higher innovation
levels. Please refer to Tybout (2003) for a survey of these literatures and Melitz (2003) and Bernard
et al. (2003) for theories developed to explain these phenomena.PRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 5
3 Closed economy with minimum wage and
heterogeneous ﬁrms
In the economy we investigate are there two countries (i.e., the domestic and the
foreign country, denoted by H and F, respectively). In each country, there are M
monopolistically competitive industries. We assume that each variety in each of
which is produced byonly one ﬁrm. Suppose that there are Nl and N∗
l ﬁrmsin in-
dustry l in H and F, respectively (hereafter we use ”*” to index the corresponding
variables of F). The production of each variety uses two factors, the capital (K)
and the labor (L), where K is industry-speciﬁc, which is only mobile within the
same industry, while L is mobile across industries. As this paper does not inves-
tigate the impact of country size on ﬁrms’ exports, we assume that each country
is normalized with one unit of inﬁnitely divisible labor. Suppose that the prefer-
ences of consumers of both countries are the same, which can be represented by











, 0 < βl,ρl < 1,
M  
l=1
βl = 1, (1)
whereβl representstheshareofconsumptioninindustryl amongtotalconsump-
tion expenditure, ρl =
σl−1
σl , σl is the substitution elasticity between varieties in
industry l and xli is the consumption of variety i in industry l. Suppose that each
consumer’s income comes only from his wage w.2 As what we investigate is the
impact of minimum wage standard on ﬁrms’ exports, i.e., the labor wage in the
economy shall belarger thanor equal totheminimum wage,wemakethefollow-
ing assumption.
Assumption 1 The minimum wages are higher than or equal to the market equi-
librium wages in H and F, respectively. Moreover, they are set so that each con-
sumer in the two countries can get at least the minimum wage income.
Our rationale to make Assumption 1 is as follows. If the minimum wage in
a country is lower than the market wage, then it has no impact on the market
equilibria, and thus we do not need to consider it. Furthermore, if the minimum
wage can not guarantee that all the labors’s expected incomes are higher than it,
2When the ﬁrms’ entry attains its equilibrium, their expected proﬁts are zero, so that each
consumer’s capital income is 0.6 MA, SUN AND TIAN
then the minimum wage standard is of no sense.3
Under Assumption 1, unemployment occurs in the economy as the minimum
wage are larger than the market equilibrium wage. As ﬁrms are rational, they
must pay the labors the minimum wage if there’s no incomplete information or
labor market sticky or other institutional barriers.
In this section, we only consider the home country. Let the price index in
industry l be Pl, where Pl =





1−σl ,l = 1,··· ,M. Then the demand qli











,l = 1,··· ,M, (2)
where Ql =
βlw
Pl is the total consumption and Rl = PlQl = βlw is the total expen-
diture on varieties in industry l in the economy.
As all industries have similar monopolistic competitive market structure, we
onlyconsidertherepresentativeﬁrm’sbehaviorsinindustryl,andthusignorethe
ﬁrm-index i in the sequel. Suppose the representative ﬁrm’s production function
is Y = θKαlL1−αl (herein the capital-output elasticity αl varies with industries),
where Y,K,L are, respectively, the ﬁrm’s output, capital and labor hired, and θ is







1 − (bl/θ)kl θ ≥ bl,
0 else,
(3)
where bl > 0 is the lower bound and kl > 2 is the shape parameter of Gl(θ), which
measures the concentration degree of ﬁrms’ productivity distribution in industry
l.
Each ﬁrm does not know its productivity level before it enters into the mar-
ket. It observes its productivity θ after it pays the industry-speciﬁc ﬁxed entry
cost Fl, which is invested in the form of entrepreneur spirit but is measured by
money.4 After it observesits productivity, the ﬁrm needsto decidewhether or not
3The minimum wage standard which is higher than the marketequilibrium wage always leads
to unemployment, and thus each labor’s income is equal to the unemployment rate times the
minimum wage.
4Here we assume that entrepreneur spirits are supplied without elasticity. It’s worthy to point
out that analysis will be much more complicated if the ﬁxed entry cost Fl is invested in the form
of labor or capital.PRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 7
to produce and sell its variety. In the former case, another ﬁxed production cost
fl isincurred, which isalso invested in the form of entrepreneur spirit butis mea-
sured by money. If the ﬁrm begins to produce and sell its variety, it is faced with



































is the unit production cost of varieties in industry l.












(5) implies that: (1) a ﬁrm’s output is higher and its price is lower, the higher is its
productivity; (2) a ﬁrm’s output is lower and its price is higher, the higher is the
industrial unit production cost ̟l. The net proﬁt of the ﬁrm with productivity θ
in industry l in each period is
πl = (1 − ρl)Dl − fl, (6)







the weighted productivity level as ˜ θl =




, where  l(θ) is the















The ﬁrm decides to produce only if πl ≥ 0, from which we can get Dl and θl,
the cut-offs of ﬁrms’ domestic sales and their productivity (such that the proﬁt of
the ﬁrms with Dl is zero):









l ˜ θl. (8)
This implies that the productivity cut-off θl is higher, the higher is the industrial
weighted productivity level ˜ θl.8 MA, SUN AND TIAN
According to the relationship between the ex post productivity distribution
 l(θ) andthe ex anteonegl(θ),and alsobytheform of Gl(θ), werewritethe indus-












kl + 1 − σl
kl
. (10)
This implies that the number of ﬁrms in the industry in equilibrium is larger, the
larger is the minimum wage.
As the minimum wage is ﬁxed above the market equilibrium wage, only the
capital market clears in equilibrium. Substituting (8), (9) and (10) into the clear-
ing condition of capital market, we can solve the equilibrium interest of the capi-
tal in industry l:
rl
αl
= ρlβlw ¯ K
−1
l , (11)
which implies that the lower minimum wage and the higher capital stock lead to
thehigherinterestofthecapitalinindustry. Thisindicatesthattheincreaseofthe
minimum wagewill increase the industrial unit production cost ̟l, which can be
simpliﬁed as ̟l = (βlρl)αl(1 − αl)−(1−αl) ¯ K
−αl
l w.












l ,Ql = N
1
1−σl
l (βlρl(1 − αl))
1−αl ¯ K
αl
l ˜ θl. (12)
Moreover, by (10), (12) and (6), we can ﬁnd the equilibrium output of the ﬁrm
with productivity θ in industry l as
ql =
ρlklσlfl







which implies that the ﬁrm’s output is higher, the higher is its productivity and
the lower is the minimum wage.
The free entry condition implies that each ﬁrm’s ex ante expected net proﬁt
upon entry shall be zero, which determines the equilibrium number of incum-PRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 9












 = Fl, (14)
where δl is the survival probability of ﬁrms in each period in industry l. As Gl is






kl + 1 − σl
 1/kl
bl. (15)
According to (15) and the expression of ˜ θ(θl), we know that both industrial pro-
ductivitycut-off andindustrialweighted productivityarenotaffectedbythemin-
imum wage level.
According to (9), (10), (15) and the fact σl > 1, (12) implies that industrial
price index Pl and industrial output Ql are higher, the higher is the minimum
wage. One interesting result is that industrial output is positively correlated with
theminimumwage,whichimpliesthatconsumers’ totalconsumption andhence
theirwelfareincreaseswiththeincreaseoftheminimumwageintheclosedecon-
omy under Assumption 1.5 This result conﬂicts withour intuition, asthe increase
of the minimum wage increases ﬁrms’ unit production costs. However, it holds
because the increase of the minimum wage increases consumers’ demand and
hence industrial output.
Summarizing the above discussion, we have the following proposition.
Proposition 1 In the closed economy and under Assumption 1, the increase of the
minimum wage will increase industrial capital interest, industrial unit produc-
tion cost, industrial price index, industrial output, and the equilibrium number
of ﬁrms in the industry. Moreover, it will decease each ﬁrm’s output and increase
their pricing rules. However, it does not change industrial productivity cut-off and
industrial weighted productivity level.
WecanexplainthelatterpartofProposition1asfollows. UnderAssumption 1,
all labors get the minimum wage. Though the increase of the minimum wage in-
creasesﬁrms’unitproductioncostsandthustheindustrialpriceindex,itincreas-
es faster than the industrial price index, and thus consumers’ purchasing powers
5 It seems that this result will cause the following paradox - the increase of the minimum wage
will increase inﬁnitely consumers’ welfare. This paradox is caused by Assumption 1. But this
assumption holds conditionally, i.e., the total output are enough to pay each consumer the mini-
mum wage. However,this condition will be broken when the minimum wage is set enough high.10 MA, SUN AND TIAN
increase, which attracts more ﬁrms to enter into the market. Furthermore, as al-
l ﬁrms are faced with the same increasing unit production cost, the increase of
the minimum wage does not change the industrial productivity cut-offs and thus
does not change the industrial weighted productivity levels.
Although Proposition 1 holds in the closed economy, it does not hold in the
open economy. In the latter case, ﬁrmsin the home country are faced with differ-
entincreasingcompetition pressuresfromthoseintheforeigncountry-thecom-
petition power of domestic ﬁrms decreases while that of foreign ﬁrms increases.
Under free trade, the increase of the domestic minimum wage will increase in-
dustrial productivity cut-offs and hence industrial weighted productivity levels.
4 Theimpact of the minimum wage onthe exports of
heterogeneous ﬁrms
4.1 Equilibrium in the open economy
Firms in industry l must pay a ﬁxed exporting cost κl to enter into the foreign




l inthe foreigncountryare, respectively,
equal to those in the home country. Then the exporting proﬁt of the ﬁrm with



















l , and P ∗
l and Q∗
l are, respectively, foreign in-
dustrial price index and foreign total output in industry l. The ﬁrm chooses to
export only if πXl ≥ 0, from which we can get the domestic and foreign exporting
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where ˜ θTl and ˜ θ∗
Tl arethe domestic andforeign aggregate productivity, respective-




























in which NXl and N∗
Xl are, respectively, the domestic and foreign numbers of ex-
porters. After knowing the exporting productivity cut-offs of domestic and for-
eign ﬁrmsinindustry l, it’s easy for us to ﬁndthe productivity distributions Xl(θ)
and  ∗
Xl(θ) of domestic and foreign exporters. When Gl(θ) adopts the form given
in(3),wecanconcludetheexpressionsof ˜ θ
σl−1










































































































































When Gl(θ) adopts the form given by (3), we can get an incumbent’s ex ante ex-




























. (23)12 MA, SUN AND TIAN
Then the ex ante expected proﬁt that a ﬁrm enters into the market is:
¯ πl = ¯ πDl(˜ θl) + ςl¯ πXl(˜ θXl), (24)
where ¯ πDl is the ﬁrm’s expected proﬁt from selling domestically, and ¯ πXl is its ex-
pected proﬁt from selling in the foreign market. We thus have
¯ πl =
σl − 1
kl + 1 − σl
(fl + ςlτ
1−σl
l κl), ¯ πXl =
σl − 1




The sum of expenditures on industry l from both countries is equal to that of
all the ﬁrms’ proﬁts in this industry in both countries. Therefore, we have
flNl + τ
1−σl











Moreover, suppose that the probabilitythat adomestic ﬁrm in industry l exits the
marketisδl. Thenwehave(1−Gl(θl))¯ πl/δl = Fl for thelong-termentrycondition,











(27) implies that a ﬁrm’sex ante exporting probability (equal to
NXl
Nl ) is increasing
in the productivity cut-off θl of entry into industry l. Combining (27) with that of









































(28) implies that  l is decreasing in w if ωl
  = ̟l/̟∗
l is increasing in w. This to-
gether with (23) yields the following lemma.
Lemma 1 Under Assumption 1, if ωl is increasing in the domestic minimumwage
w,then ςl isdecreasing inw. That is, theincreaseof theminimumwageleads tothe
decrease of ﬁrms’ ex ante exporting probability.
Proof. See the appendix.
Theeconomic meaningofLemma1isstraightforward. Iftherelativeunitpro-
duction cost of the home country to the foreign one increases with the domestic
minimum wage in industry l, then the relative variety price of the home countryPRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 13
will increase, and thus domestic ﬁrms’ competitive powers and their foreign sale
proﬁts will decrease. This further makes lower-productivity domestic ﬁrms exit
the exporting market. Therefore, domestic ﬁrms’ ex ante exporting probability
decreases with the domestic minimum wage.
From (23), we have NXl = Nlςl, N∗
Xl = N∗
l = ς∗
l . Substituting (19 ) into (20)
and (18),we can get atwo-equation system of Nl and N∗




l into the above system, we can ﬁnd the expressions of Nl and N∗
l
(see (38) and (39) in the appendix). Further, according to (26) and (27), we can





















Nl l + N∗
l
. (29)
Applying (38) and (39) in the appendix, we can prove the following lemma.
Lemma 2 θ
∗
l is increasing in w.
Proof. See the appendix.
Lemma 29 indicates that the increase of the domestic minimum wage will
force the low-productivity domestic ﬁrms to exit the market, which increase the
average productivity of exporting incumbents in the home country. This further
forces those low-productivity ﬁrms in the foreign country to exit the market. And
thus the exporting productivity cut-off in the foreign country increases.
Finally, to ﬁnd how the increase of the domestic minimum wage affects ﬁrms’































  ¯ K∗
l
¯ Kl











w∗ and prove the fol-
lowing result.
Lemma 3 Under Assumption 1,
̟l
̟∗
l is increasing in the relative wage w
w∗. That is,
the increase of the gap between the domestic minimum wage and the foreign one
will increase the difference between the domestic and the foreign unit production
cost for each industry.
Proof. See the appendix.14 MA, SUN AND TIAN
Lemma 3 indicates that the increase of the domestic minimum wage has d-
ifferent impacts on domestic and foreign industrial unit production costs - the
former increases more faster than the latter. This result coincides with our intu-
ition.
4.2 The impact of the minimum wage on ﬁrms’ exports
According to the expression of M∗
Xl, (20) implies that the increase of the domes-
tic minimum wage will increase industrial exporting productivity cut-offs. More-






















main proposition of this paper.
Proposition 2 In the open economy and under Assumption 1, the increase of the
domestic minimum wage will decrease ﬁrms’ ex ante exporting probabilities and
exporting sales. Moreover, ﬁrms’ exporting sales increase with their productivity
levels.
It’s necessary to brieﬂy illustrate Proposition 2. First, it implies that ﬁrms’ ex
ante exporting possibilities and their exporting sales are all increasing in their
productivity,whichcoincideswiththetheoreticalresultproposedinMelitz(2003)
and manyother empirical literatures. Second, as the main result in the paper, the
increase of the domestic minimum wage will decrease ﬁrms’ ex ante exporting
possibilities and their exporting sales. This result is easy to understand. On the
one hand, the increase of the domestic minimum wagemay change the structure
of comparative advantages between the two countries, so that the home country
uses capitals while the foreign country uses labors more intensely. This increas-
es prices of capitals and thus those of ﬁrms’ exporting varieties. On the other
hand, the increase of the domestic minimum wage will increase the home coun-
try’s demands for varieties of the foreign country and thus increases their prices.
The synthetic effect is that the difference between the two countries’ industrial
unit production costs increases. Because of the same reason, the increase of the
domestic wage will select low-productivity domestic ﬁrms out of the exportingPRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 15
markets, and thus increase industrial exporting productivity cut-offs in the home
country. This further lowers ﬁrms’ ex ante exporting probabilities.
5 Empirical models
According to (31) and the fact that capital interests are affected by industrial cap-
ital stocks, we know that ﬁrms’ productivity, the minimum wages and industrial
capital stocks all affect ﬁrms’ exporting behaviors. In this section, we test their
impacts on ﬁrms’ exports using ﬁrm-level data from Annual Survey of Chinese
Industrial Firms. We ﬁrst estimate ﬁrms’ productivity, and then regress ﬁrms’ ex-
portingchoices andexportswithregardtotheirproductivity, theminimumwage,
industrial capital stocks and other control variables.
5.1 Estimation of ﬁrm-level productivity
By Proposition 2, ﬁrms export more if their productivity is higher. Therefore,
to analyze ﬁrms’ exporting behaviors, we shall ﬁrst estimate their productivity.
Many methods have been developed to estimate ﬁrm-level productivity, such as
theOlley-Pakesapproach(OP)proposedbyOlleyandPakes(1996),theLevinsohn-
Petrin approach (LP) developed by Levinsohn and Petrin (2003), the ordinary
least square method (OLS) and the ﬁxed effect model (FE). In this paper, we fol-
low strictly theideaof the Melitzmodel (Melitz 2003),whichassumes that aﬁrm’s
productivity is constant over all periods if it is in the market when the econo-
my attains its stationary state. This implies that we shall apply the FE method to
estimate ﬁrms’ productivity. We don’t use the popular OP approach because of
the following several reasons. First, the OP method also implicitly assumes that
ﬁrms’ productivity does not change over time (Tian and Yu, 2011). However, it
considers the impacts of ﬁrms’ exporting states, capital stocks and productivity
expectations on ﬁrms’productivity. As weconsider only ﬁrms’productivity when
the economy attaints its stationary state, it is not necessary to use the OP method
to estimate ﬁrms’ productivity. Second, to use the OP method, the form of ﬁrms’
investment functions shall be speciﬁed in advance, whose choices will affect the
estimation results of ﬁrms’ productivity for the same dataset. Third, as shown in
Sun et al. (2011), the productivity-estimation results from the LP method and the
FEmodel aremore similar, whilethose from the OLS andthe OP method aresim-
ilar. This is also the reason we apply the FE model but not the OLS and the LP
methods to estimate ﬁrms’ productivity.16 MA, SUN AND TIAN
Supposewemeasureaﬁrm’stotalfactorproductivity(TFP)bySolow’sresidual




lit , then we can estimate the
capital-output elasticity αl of industry l by estimating the following equation:
lnYlit − lnLlit = lnθli + αl(lnKlit − lnLlit) +  lit, (32)
where θli is the productivity of ﬁrm i in industry l, Ylit,Klit and Llit are ﬁrm i’s
output, capital and labor inputs, respectively. Given the estimated value ˆ αl of αl,









Another method to estimation ﬁrms’ productivity is to divide the time-period
1998-2007 into 5 time intervals, which is called 5-period method in this paper.
Thismethodhasthefollowingadvantagesrelativetotheaboveone. First,itseizes
thechanges of aﬁrm’sproductivity over periods. Second, itdoesnotaffect thees-
timation of the capital-output elasticities as we can eliminate ﬁrms’ productivity
ﬁxed effects by differentiating the two neighboring-period equations. Substitut-
ing the estimated capital-output elasticities into (33), we can calculate 5 produc-
tivity levels for each ﬁrm i in each industry l. We then take their average as ﬁrm
i’s constant productivity level in industry l.
5.2 Firms’ exporting behaviors
According to (31), our estimation equations of ﬁrms’ exporting behaviors are as
follows:
DXrlit = τr + ηl + γi + λt + ξ ln ¯ Klt + ψlnwrt + ζ ln ˆ θrlit + ϕZrlit + εrlit, (34)
lnXrlit = τr + ηl + γi + λt + ξ ln ¯ Krlt + ψlnwt + ζ ln ˆ θrlit + ϕZrlit + εrlit, (35)
where Equation (34) and (35) correspond to ﬁrms’ exporting choices and export-
ing sale, ¯ Krlt and wrt measures industrial capital stock and minimum wage in re-
gion r in period t, ˆ θrlit is the estimated productivity of ﬁrm i in industry l in region
r in period t, λt,ηl,γi and τr are, respectively, time, industry, ﬁrm and region ﬁxed
effects, Zrlit is a vector containing ﬁrm i’ characteristic variables, including its
capital-debt ratio, inventory-output ratio, per-output proﬁt and other ﬁrm-level
control variables, DXrlit is a dummy of ﬁrm i’ exporting state, with 1 for exporterPRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 17
and0 for non-exporter, andXrlit is ﬁrmi’sexporting sale inperiodt, r,l,i,tarere-
gion, industry, ﬁrm and time indices , respectively. We can apply the LPM model,
the Probit model and the Logit model to estimate (34), whose estimation results
are similar. In this paper, we apply only the LPM model based on panel data and
the consideration of eliminating ﬁrm ﬁxed effects.
5.3 Data descriptions
This paper applies plant-level data from the Annual Survey of Industrial Firms
(ASIF) cross-sectional datacollected bythe National Bureau of Statistics of China
between 1998and2007to testProposition 2. Thedataset containsdetailed infor-
mation(includingmorethan100ﬁnancialvariableslistedinthemainaccounting
sheets of these ﬁrms) for all state-owned and non-state ﬁrms above a designated
scale(above5millionRMB)in40industriesindexedfrom6to46,withindustry38
vacant (see Table 3 in the appendix for the industry codes and their correspond-
ing names). The data set exploited in this paper covers every ﬁrm’s output value,
value added, capital stock, labor hired, domestic sale value, exporting sale, in-
ventories, scale type, exporting status, operational status, ownership, age, wages,
other main ﬁnancial variables, etc., between 1998 and 2007, in each industry. We
dropped those samples which does not follow standard accounting principles,
those which are publicinstitutions, governmententities, nongovernmental orga-
nizations and private nonbusiness ﬁrms, those which are not on business.
We also collect data of minimum wage standards and other macroeconomic
variables of Chinese cities from 1998 to 2007. As there is no a uniformly statis-
tical origin, we collect data of city minimum wages from websites and statistical
bulletins of local governments. This leads to the losses of some cities’ minimum
wages. Finally, we get totally 1240 minimum wages, covering 37.13% of total 334
prefecture-cities (autonomous prefectures or prefectures) all around China. We
also collect domestic gross values, populations, average annual wages, average
employmentsandothermacroeconomic variablesofthesecities. Wematchﬁrm-
level data with city-level data by ﬁrms’ location information and match those
samples with both ﬁrm-level data and city minimum wages. We ﬁnally get totally
960 thousand samples.
Table 1 in the appendix describes the variables used in this paper. We see in
the table that the mean of city minimum wages is 532 yuan, which is around 40%
of the per capita wage of the samples, and there are 27.6% of exporters among
the samples, whose average exporting sale is 2.156 million yuan. The samples’18 MA, SUN AND TIAN




Table 2 in the appendix gives the estimation results of capital-output elasticities
ofallindustries. Themeanofthemisabout0.56,whichisclosetothoseestimated
bymanyliteratures. Thecapital-output elasticities of labor-intenseindustriesare
relatively smaller, such as industry 20 (0.38), 21 (0.39), 17 (0.49), 18 (0.48), where
the number in the ”()” is the corresponding capital-output elasticity in the indus-
try. However, those in the capital-intense industries are relatively larger, such as
industry 7 (0.87), 16 (0.88), 40 (0.7) and 45 (0.74). The mean of the capital-output
elasticity of all industries increased from 0.54 in 1998 to 0.58 in 2005, and then
decreased to 0.56 in 2007.
Table3showstheestimatedindustrialcapital-outputelasticitiesapplyingpanel-
data regressions. Similarly, the average capital-output elasticity in industry 7 is
the highest at 0.9, while those in industry 20 and 21 are the lowest at 0.39. Fig-
ure 1 shows the two results estimated bythe full-period method and the 5-period
method, which are very close. In the sequel, we regress (35) applying the two
kinds of ﬁrm-level productivity calculated using the two kinds of estimated in-
dustrial capital-output elasticities to avoid errors caused by different estimation
method of capital-output elasticity.
5.4.2 Firms’ exporting choices and sales
Table 4 in the appendix shows the estimation results of (34) using the ﬁxed-effect
model. The second column shows that the city minimum wage has signiﬁcan-
t impact on a ﬁrm’s exporting possibility, which decreases by 1.5% if it doubles.
Moreover, the exporting possibility of a ﬁrm decreases by 1.3% if its productivity
decreases by 100%. Industrial capital stock has little inﬂuence on ﬁrms’ export-
ing possibilities, which is only signiﬁcant at 10% level. The third column shows
theregression resultbyaddingﬁrm-levelcontrol variablestotheregression ofthe
ﬁrst column, which does not change much. The fourth column shows the regres-
sion result by adding city-level macroeconomic (including city GDP, population,
average annual income and employment) variables to the regression of the third
column to eliminate the endogeneity of city minimum wages when time varies.PRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 19
Figure 1: Average industrial capital-output elasticities estimated by the full-
period method and the 5-period method
It shows that the result is still constant to the previous ones. The ﬁfth column
shows theregressionresultofthefourthcolumn butwereplaceﬁrms’productivi-
tybythatestimated usingthe5-periodmethod. Itshowsthattheresultholdsvery
closely to that given in the fourth column. This implies that estimation methods
of ﬁrm-level productivity has few impacts on the regression results.
The regression results of (35) using the ﬁxed-effect model are shown in Table
5 in the appendix. It’s shown in the secpmd column that city minimum wage
decreases ﬁrms’ exporting sales, which is only signiﬁcant at 10%level. A ﬁrm’sex-
portingsaledecreasesby0.086%ifitscityminimumwageincreasesby1%. Aﬁrm’s
productivityhassigniﬁcantinﬂuenceonitsexportingsale,withthelatterincreas-
ing by 0.69% if the former increases by 1%. Industrial capital stock has signiﬁcant
effect on ﬁrms’ exports, with the latter increasing by 0.053% if the former increas-
es 1%. The third and the fourth column show the regression results controlling
ﬁrm-level control variables and city-level macroeconomic variables, respectively.
The inﬂuences of city minimum wages, ﬁrms’ productivity and industrial capital
stocks have very close impacts on ﬁrms’ exporting sales. This result estimated
by replacing ﬁrms’ productivity estimated using the 5-period method does not
change much than that shown in the ﬁfth column.20 MA, SUN AND TIAN
6 Conclusion
This paper constructs a trade-equilibrium model withheterogeneous ﬁrmsto in-
vestigate the impacts of minimum wages on ﬁrms’ exports. The results show that
the increase of the minimum wage in a country has negative inﬂuences on ﬁrm-
s’ ex ante exporting probabilities and their exporting sales. Empirical analysis
using ﬁrm-level data of Chinese enterprises conﬁrms this theoretical result and
gives quantitative inﬂuences of the minimum wage on ﬁrms’ exports.
Based on the framework given in this paper, we can further analyze the wel-
fare effects of minimum wages in the open economy. We can also relax Assump-
tion 1 to investigate the impacts of minimum wages on ﬁrms’ exports when real
wages are affected by unemployment. As minimum wages affect ﬁrms’ organi-
zation and innovation behaviors and thus their productivity levels, it’s of sense
to explore the interaction effects between minimum wages and ﬁrms’ productiv-
ity. Moreover, the spatial differences of the impacts of minimum wages on ﬁrms’
exports deserve more researches.PRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 21
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Appendix
Proof of Lemma 1
We know that Nl and N∗





































































































































Proof of Lemma 2
First, we know that Nl l is decreasing in w according to (38) . Hence
Nl l
w+w∗ is also
decreasing in w. Furthermore, from (29), we have
N∗
l











































w+w∗ is increasing in w,6,
N∗
l









Nl l/(w + w∗) + N∗
l /(w + w∗)
is increasing in w. This implies that θ
∗
l is increasing in w.






and Ωl are both decreasing in
̟l
̟∗
l .24 MA, SUN AND TIAN
Proof of Lemma 3
































































































is decreasing in ωl, h(ωl) is increasing in ωl. This implies that equation (30) has a
unique solution, which is increasing in w
w∗.PRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 25
Table 1: Descriptive statistics of variables
Variable Unit Deﬁnition Mean





a ﬁrm exports, with 1 ifthe ﬁrm ex-









The natural logarithm of the total






















A dummy measures whether
or not a ﬁrm’s capitals are all
from home\footnoteThis con-
cept includes state-owned ﬁrms,
collective ﬁrms, joint-equity coop-
erative enterprises, private ﬁrms
(including sole proprietorship
ﬁrms and private partnership





It’s 1 if a ﬁrm’s capitals are all or














The averageannualwageof the ur-








Note: The value in ”[]” is the standard of the corresponding mean.26 MA, SUN AND TIAN
Table 2: Estimation results of capital-output elasticities: OLS method
Industry
code
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
06 0.50 0.45 0.51 0.50 0.47 0.57 0.63 0.67 0.66 0.62
07 0.73 0.67 0.98 0.97 1.14 0.93 0.80 0.83 0.85 0.82
08 0.51 0.40 0.34 0.39 0.37 0.43 0.54 0.46 0.52 0.48
09 0.32 0.22 0.32 0.44 0.37 0.43 0.61 0.57 0.63 0.55
10 0.29 0.26 0.27 0.29 0.35 0.39 0.46 0.51 0.48 0.50
13 0.52 0.46 0.44 0.41 0.45 0.45 0.47 0.47 0.49 0.49
14 0.70 0.62 0.58 0.55 0.53 0.56 0.56 0.52 0.50 0.50
15 0.63 0.55 0.54 0.51 0.47 0.49 0.50 0.52 0.52 0.50
16 0.77 0.79 0.75 0.82 0.97 1.06 0.85 0.91 0.97 0.92
17 0.57 0.46 0.45 0.46 0.48 0.50 0.53 0.51 0.53 0.50
18 0.58 0.45 0.47 0.45 0.45 0.46 0.51 0.49 0.50 0.48
19 0.62 0.45 0.51 0.52 0.56 0.58 0.61 0.61 0.60 0.61
20 0.41 0.37 0.35 0.31 0.32 0.37 0.43 0.42 0.44 0.41
21 0.48 0.35 0.31 0.37 0.41 0.39 0.38 0.38 0.43 0.42
22 0.59 0.50 0.48 0.46 0.49 0.49 0.49 0.46 0.48 0.47
23 0.80 0.75 0.76 0.72 0.68 0.69 0.65 0.61 0.57 0.45
24 0.58 0.45 0.45 0.44 0.41 0.49 0.51 0.50 0.50 0.48
25 0.60 0.64 0.71 0.76 0.67 0.73 0.69 0.77 0.73 0.63
26 0.64 0.58 0.58 0.57 0.55 0.57 0.58 0.60 0.60 0.58
27 0.67 0.59 0.60 0.55 0.53 0.53 0.43 0.42 0.43 0.38
28 0.43 0.43 0.41 0.43 0.46 0.49 0.48 0.53 0.58 0.56
29 0.44 0.39 0.42 0.46 0.46 0.55 0.50 0.50 0.53 0.49
30 0.58 0.52 0.53 0.50 0.49 0.51 0.53 0.54 0.57 0.55
31 0.50 0.44 0.46 0.47 0.45 0.52 0.53 0.54 0.56 0.52
32 0.55 0.48 0.51 0.48 0.51 0.57 0.59 0.60 0.58 0.58
33 0.60 0.48 0.52 0.45 0.53 0.57 0.62 0.70 0.74 0.70
34 0.62 0.50 0.51 0.51 0.51 0.51 0.55 0.56 0.59 0.57
35 0.61 0.50 0.51 0.47 0.48 0.50 0.51 0.51 0.50 0.49
36 0.70 0.60 0.60 0.55 0.54 0.54 0.52 0.52 0.51 0.49
37 0.73 0.63 0.61 0.57 0.55 0.55 0.53 0.54 0.56 0.53PRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 27
39 0.92 0.87 0.58 0.60 0.64 0.62
40 0.72 0.64 0.60 0.56 0.55 0.59 0.62 0.62 0.64 0.64
41 0.75 0.71 0.70 0.63 0.61 0.65 0.60 0.60 0.62 0.60
42 0.81 0.70 0.68 0.59 0.60 0.51 0.52 0.54 0.55 0.55
43 0.64 0.57 0.52 0.47 0.76 0.65 0.60 0.65
44 0.70 0.71 0.69 0.63 0.66 0.68 0.70 0.70 0.65 0.58
45 0.73 0.81 0.86 0.84 0.79 0.77 0.62 0.65 0.66 0.66
46 0.63 0.62 0.63 0.63 0.63 0.64 0.66 0.67 0.67 0.65
Note: Refer to Table 3 for the name of the industries.28 MA, SUN AND TIAN














06 Extraction coal 0.58 0.37 0.54 0.57 0.48
07
Petroleum and natural gas
extraction
0.72 1.15 1.00 0.72 0.93
08
ferrous metals mining and
dressing




0.61 0.54 0.49 0.57 0.57
10 Extraction nonmetallic ore 0.61 0.44 0.50 0.47 0.53
13 Food processing 0.54 0.43 0.52 0.51 0.55
14 Food manufacturing 0.62 0.63 0.49 0.58 0.56
15 Beverage Manufacturing 0.55 0.44 0.53 0.55 0.58
16 Tobacco processing 0.58 0.66 0.57 0.52 0.80
17 Textile 0.62 0.51 0.48 0.56 0.58
18
Garments and other Fiber
Products manufacturing
0.67 0.55 0.45 0.55 0.52
19
Leather Furs Down and Re-
lated Products
0.77 0.55 0.50 0.53 0.52
20
Timber Processing, Bam-
boo, Cane, Palm Fiber and
Straw Products
0.50 0.44 0.44 0.54 0.51








0.55 0.45 0.51 0.64 0.54
24
Cultural Educational and S-
ports Goods
0.70 0.61 0.53 0.63 0.57












0.66 0.32 0.37 0.49 0.62
29 Rubber Products 0.62 0.43 0.43 0.56 0.54
30 Plastic product industry 0.65 0.55 0.49 0.59 0.60
31 Nonmetal Mineral Products 0.60 0.43 0.44 0.52 0.56
32
Ferrous metal smelting and
rolling processing




0.58 0.48 0.51 0.54 0.59
34 Metal product industry 0.65 0.51 0.46 0.60 0.59














Electric Equipment and Ma-
chinery manufacturing










0.73 0.67 0.19 0.57 0.53
43
Recovery and processing of
waste resources and materi-
als
0.71 0.30 0.72 0.56
44
Production and supply of
electric power and heat
power
0.58 0.46 0.45 0.45 0.55
45
Production and supply of
gas
0.69 0.62 0.41 0.30 0.52
46
Production and supply of
water
0.45 0.27 0.35 0.19 0.3530 MA, SUN AND TIAN
Table 4: Firms’ export choices: LPM-FE model
Dependant: DX
(1) (2) (3) (4)7
ln w -0.015 -0.016 -0.011 -0.011
[3.37]*** [4.09]*** [2.70]*** [2.76]***
ln θ 0.013 0.016 0.016 0.011
[16.96]*** [26.17]*** [25.96]*** [19.58]***
ln ¯ K 0.003 0.002 0.002 0.001
[1.85] ** [1.58] ** [1.26] [0.60]
ln K 0.028 0.028 0.027
[38.23]*** [38.22]*** [37.14]***
RCD -0.000 -0.000 -0.000
[1.31] [0.60] [0.63]
RInv -0.000 -0.000 -0.000
[4.20]*** [4.18]*** [4.70]** *
RP 0.000 0.000 0.000
[0.80] [0.79] [0.83]
DF -0.035 -0.035 -0.035
[10.14]*** [9.85]*** [9.87]***
SC 0.005 0.004 0.004









TimeDum Yes Yes Yes Yes
Const 0.290 0.074 0.221 0.251
[7.49]*** [2.35]** [5.27]*** [5.99]***PRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 31
Obs 954603 948983 934346 934346
Rˆ 2 0.00 0.01 0.01 0.01
Note: Thevaluein”[]”isthe”t-statistics”ofthecorresponding estimatedvalue[ff0c]”***”,
”**”, ”*” represent, respectively, that the corresponding estimated value are signiﬁcant at
1%, 5% and 10%, respectively.32 MA, SUN AND TIAN
Table 5: Firms’ exporting sales: ﬁxed-effect model
Dependant: ln X
(1) (2) (3) (4)8
ln w -0.042 -0.100 -0.086 -0.108
[1.59]* [4.05]*** [3.39]*** [4.09]***
lnθ 0.691 0.754 0.756 0.522
[162.66] *** [185.01]*** [183.23]*** [143.50]***
ln ¯ K 0.053 0.041 0.041 0.022
[7.41]*** [5.99]*** [5.98]*** [3.01]***
ln K 0.646 0.646 0.625
[141.33] *** [139.70]*** [130.22]***
RCD -0.000 -0.000 -0.000
[0.45] [0.42] [0.73]
RInv -0.016 -0.015 -0.033
[6.04]*** [5.63]*** [12.10]***
RP -0.017 -0.017 -0.024
[3.61]*** [3.42]*** [4.81]***
DF -0.019 -0.023 -0.023
[1.07] [1.26] [1.23]
SC 0.047 0.047 0.030









TimeDum Yes Yes Yes Yes
Const 7.118 1.179 0.782 1.750
[36.33]*** [6.21]*** [2.87]*** [6.19]***PRODUCTIVITY HETEROGENEITY, MINIMUM WAGE AND FIRMS’ EXPORTS IN CHINA 33
Obs 263215 262227 258515 258515
Rˆ 2 0.22 0.31 0.32 0.26
Note: The value in ”[]” is the ”t-statistics” of the corresponding estimated value. ”***”,
”**”, ”*” represent, respectively, that the corresponding estimated value are signiﬁcant at
1%, 5% and 10%, respectively.